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Abstract 
A series of sorption isotherms of CO2, CH 4 and N 2 of a  metal organic framework ( Cu -BTC) were measured at 0 to 15 bar and at 
25 and 105 °C. Cu -BTC showed much  higher working capacity than the benchmark zeolite 13X in pressure swing adsorption at  
25 °C, and higher CO 2/N 2 and CO 2/CH 4 selectivities  at a higher pressure range (>1.0 bar) with  lower energy requirement for 
regeneration . Cu -BTC was stable in O 2 at 25 ° C. The CO 2 adsorption capacit y declined after water sorption. 
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1. Introduction 
Scenarios of global warming have projected a rise in global temperature up to 2 -4 ºC by 2050 due to increasing 
CO2 concentrations in the atmosphere, if no action is taken to mitigate greenhouse gas (GHG) emissions and 
stabilise GHG concen tration at 450 ppm CO2 equivalent. Early deployment of carbon capture and storage (CCS) 
technology is being considered as a possible way of reducing CO2 emissions. At their current level of development 
CCS technologies  are not sufficiently cost effective or energy efficient. This has triggered studies to improve 
existing technologies and generate new ones. Chemical absorption, by amine solvents has long been used in industry 
for acid gas removal [1]. Chemisorption solvents possess high CO2 selectivity due to chemical reaction between 
CO2 and amines. However they possess some disadvantages, for example a high energy requirement for 
regeneration of the absorbents because of chemisorption, loss of effectiveness over time due to low thermal stability, 
loss due to evaporation and their tendency to induce corrosion. Physical adsorption by microporous zeolite 13X has 
been reported to provide high CO2 adsorption capacity at ambient temperature, but relatively  high energy 
requirement for regeneration of the absorbents especially in the presence of water [2,3].  
 
Metal -organic frameworks (MOFs) are a relatively new class of porous materials constructed by self -assembly of 
organic ligands and metal oxide clusters. The resulting crystalline materials possess extremely high surface area and 
pore volume, and regular porous structures with pore sizes and chemical functionalities that can be manipulated by 
modifying the metal group or organic linker [4,5]. These features have led to significant interest in  applying these 
materials in gas adsorption separation and storage. They can be synthesized inexpensively, in high purity, and in a 
highly crystalline form. Several groups [6 -8] have reported MOFs have high CO2 adsorption capacity . Among 
various MOFs, Cu -BTC [Cu3(BTC)2(H2O)3 (BTC: benzene -1,3,5-tricarboxylat e)], first reported by Chui et al.  [9], is 
one of the most studied for gas adsorption and storage. The CO2 adsorption capacities reported are in the range of 
8.0 mol/kg by Wang et al. [6] and 10.2 mol/kg by Millward and Yaghi  at 25 °C and 15 bar [7], the difference 
between the studies probably being due to slightly different structural properties of Cu -BTC preparaed by different 
methods. In any case the adsorption capacities are much higher than that of the benchmark zeolite 1 3X. Some 
molecular modelling on CO2 adsorption in Cu-BTC has also shown promising results for CO2 adsorption separation 
[10,11]. MOFs may have dramatically different CO2 adsorption isotherm shapes depending on their structure 
properties, and these differences could be exploited for pressure swing adsorption (PSA) processes  in different  
pressure rang es [12]. 
 
Although CO2 adsorption of Cu -BTC at ambient temperature under dry conditions has been reported [6,7], this 
study focuses on its potential for applicat ion in CO2 adsorption separation from gas mixtures,  especially with regard 
to its selectivity towards CO2. For practical applications  it is also necessary  to investigate its CO2 adsorption 
properties and stability in the presence of water  because flue gas contains water vapor.  In this study Cu-BTC was  
prepared via hydrothermal synthesis. Its  CO 2, N2, O2 and CH 4 adsorption isotherms were measured by intelligent 
gravimetric adsorption (IGA) at 25 °C and, for CO2 and N 2, 105 °C, and compared with that of zeoli te 13X. Its 
suitability for application in CO2 adsorption in the presence of water was considered.  
2. Experimental  
2.1 Synthesis of Cu-BTC 
 
Synthesis of Cu -BTC was slightly modified from the procedures in the literature [9,13]. The preparation 
procedure will be reported later.  
 
2.2 Characterization of Cu -BTC 
  
Powder X -ray diffraction patterns (XRD) were obtained in a Nonius CP 120 diffractometer using Cu K α 
radiation ( λ = 1.54 Å). Microanalyses were carried out at Campbell Microan alytical Laboratory, University of 
Otago, New Zealand . Thermogravimetric analysis (TGA) of the Cu -BTC was carried out using a PerkinElmer 
Analyzer. About 5 mg of the sample was heated from room temperature to 600 °C at 10 °C/min under N2. N2 
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adsorption/desorption isotherms were obtained at 77 K on a Coulter CX -300 adsorption apparatus. The sample was 
outgassed at 105 °C for 24 h using a high vacuum line prior to N 2 adsorption. The BET surface area was determined 
in the P /P0 range of 0.02 - 0.25 since micropores were filled at very low relative pressure.  
 
2.3 Gas sorption isotherm measurement.  
  
The sorption isotherms for CO2, N2, O2, CH 4 and water vapor were measured using an Intelligent Gravimetric 
Analyser (IGA-1 series, Hiden Analytical Ltd). P rior to measuring the isotherm  ~15 mg sa mple, after pre -drying in a 
vacuum oven, was initially outgassed at 25 °C under high vacuum  overnight, then at 100 °C overnight until no 
further weight losses were observed. The sample temperature was then decreased to 25 °C to measure gas sorption. 
Each adsorption /desorption  step was allowed to approach equilibrium over a period of 15 to 30 min except for water 
vapor, for which 2 to 8 hours for each pressure were necessary. All the 0 to 15 bar CO2 and N 2 isotherms and the 
initial isotherms were obtained on a single sample. The isotherms were obtained in the order 25 and 105 °C 0 to 15 
bar CO2, then 105 and 25 °C 0 to 15 bar N 2, then 25 to 32 °C 0 to 97 % relative vapour pressure H 2O, and finally 0 
to 5 bar 25 °C CO2 as a check. O 2 and CH 4 isotherms were obt ained on a second sample; the CO2 isotherm for the 
second sample was obtained as a check and was found to be the same as for the first sample.  
3. Results and discussion  
The powder X -ray diffraction pattern (XRD) of the Cu -BTC synthesized by us matches  the Cu-BTC pattern 
previously reported by others in literature [9,13]. In the framework of Cu -BTC, two octahedrally coordinated Cu 
atoms are connected to eight oxygen atoms of tetra -carboxylate units to form a dimeric Cu paddle wheel. Each BTC 
ligand holds three  dimeric Cu paddle wheels to form a microporous open framework with face-centered cubic 
symmetry. Cu -BTC has a 3 -D channel structure connecting a system of tetrahedral -shaped cages accessible through 
small windows (~3.5 Å in diameter). The large cavities a re connected through square shaped windows with a 
diameter of ~9 Å [1 4]. The crystal structure of Cu-BTC also includes axial oxygen atoms weakly bonded to the Cu 
atoms, which correspond to water ligands. Upon removal of the guest molecules, open metal sites (coordinatively 
unsaturated) are obtained. The partial positive charges on the metal sites in Cu -BTC have the potential to enhance 
general adsorption properties. This has often been discussed as a strategy for increasing hydrogen adsorption in 
MOFs [1 5].  This strategy could also be expected to improve adsorption selectivity for separating mixtures with 
molecules of differing polarities.  
 
The thermal stability of Cu-BTC was evaluated by thermogravimetric analysis (TGA). The TGA results indicated 
that all guest molecules (21 wt%) of Cu-BTC can be removed at ca. 200 °C. The weight change corresponds to 9 
H2O molecules per Cu3 unit, which is consistent with results of microanalys es. The elemental analysis showed that 
the Cu-BTC synthesized by us has the compos ition Cu 3(BTC)2(H2O)9. A second weight change was observed at 300 
°C due to the decomposition of the network, indicating it is less stable than pure inorganic zeolite 13X because of 
the composite organic-inorganic nature of Cu -BTC.  
 
The stable nature of th e porosity of the Cu -BTC after removal of solvents was confirmed by the N2 sorption data.  
The adsorption–desorption isotherms of Cu -BTC measured with nitrogen gas at 77 K showed a typical Type I 
behaviour. The Brunauer–Emmett–Teller (BET) surface area was estimated to be 1571 m 2 g–1. The pore volume was 
calculated to be 0.79 cm 3 g–1. The BET surface area and pore volume of Cu -BTC are comparable to those reported 
by Rowsell and Yaghi [1 6], while much higher than the values obtained by Chui et al. [ 9] and Wang et al. [ 6]. The 
surface area and pore volume of the Cu-BTC are higher than those of zeolite 13X (616 m 2 g–1, 0.34 cm 3 g–1) [1 7].  
 
The CO2 and N2 sorption properties of Cu -BTC were evaluated by a series of sorption isotherms measured at 0  - 
15 bar at temperatures of 25 °C and 105 °C. A CH4 sorption isotherm at 25 °C was also obtained. The adsorption 
isotherms are shown in Figure 1. The desorption isotherms of all three gases (not shown) were the same as the 
adsorption isotherms. There is no evidence of hysteresis. It can be seen from the figure that the CO2 adsorption 
capacity increases with increasin g pressure and decreasing temperature, indicating behavior typical of physisorption 
in micropores and indicating its suitability for application in pressure or temperature swing adsorption separation 
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processes. The CO 2 sorption at 25 °C rapidly increases with pressure below 5bar due to the specific interactions 
between quadrupolar CO 2 molecules and partial positive charges on the coordinatively unsaturated metal sites in 
Cu-BTC, then more slowly increases with pressure, the rate of increase depending on the  surface and pore volume 
of the sample [1 8]. The Cu -BTC took up 12.7 mol/kg CO 2 at 25 °C and 15 bar, which is higher than the values in 
the literature [6 ,7 ]. It is notable that, even at such high pressures, none of the isotherms appear to be completely at 
the saturation point. This is related directly to the large surface area and pore volume of Cu -BTC that is accessible to 
the molecules. The CO2 adsorption isotherms flatten out (become more linear) at higher temperature. Absolute 
adsorption capacity decrea ses substantially with increasing temperature, but working capacity can actually increase 
marginally (depending on the pressure range of interest).  
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Figure 1.  The gases  CO 2, N2 and CH 4 sorption isotherms of the Cu -BTC measured at 0 -15 bar at temperatures of 25 °C and 105 °C. 
The CH4 sorption gradually increases with pressure without evidence of total pore filling. 4. 6 mol/kg of methane 
is adsorbed at 25 °C  and 15 bar. The adsorption isotherms of N2 are quite similar to those of CH4 throughout this 
pressure range, with loadings of around 2. 4 mol/kg at 25 °C and 15 bar. The adsorption capacities of CH4 and N 2 are 
much lower than that of CO2, indicating Cu -BTC preferential adsorption of CO2 over N 2 or CH 4. 
 
The O2 sorption isotherm of Cu -BTC at 25 °C and 0 - 2.5 bar (not shown) indicated  that the O2 sorption increases 
with pressure. The CO2 sorption isotherm of the sample was re -measured after O2 sorption in order to determine 
whether Cu-BTC is stable in the presence of O2. Its CO2 sorption did not change, indi cating structural stability after 
O2 sorption. The O 2 isotherm showed  some hysteresis but the sample weight fell to its original level after 
evacuation.  
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 Figure 2.  The H2O vapor sorption isotherms of the Cu-BTC at 25 °C and 32 °C. Solid and open symbols denote adsorption and desorption, 
respectively.  
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Studies on the structure stabilities of Cu -BTC with H 2O present are important for potential applications. The 
sorption isotherms of H2O vapor at 25 °C and 32 °C on the Cu-BTC are shown in Figure 2. Water has a typical 
Type-I isotherm. In the low P/P0 region, the adsorptions of water vapour reached saturation indicating a strong 
guest-host interaction. The second uptake in the range P/P 0 > 0.75 can be attributed to adsorption on the external  
crystallite surface .  It was observed that Cu -BTC had very high H2O adsorption capacity (e.g. 50 wt% at saturation 
sorption). The high H2O capacities on Cu -BTC can be attributed to the high pore volumes and the metal -oxide 
clusters present in the frameworks of Cu-BTC. As can be seen from Figure 2, the desorption of H2O does not follow 
the adsorption branch for the sample, showing large hysteresis. This indicates that the adsorption of H2O was not 
completely reversible at 25 °C on the Cu -BTC material, and this also indicates t hat chemisorption occurs, i.e., H2O 
molecules may directly coordinated to the unsaturated Cu(II) centers. It is worth mentioning that after the H 2O 
sorption experiments the colour drastically changes from blue to green, which also confirms the reaction of the H2O 
molecules with Cu (II) centers resulting in chemisorption. The XRD pattern of the sample after water sorption 
experiments was compared with that of the as -synthesized sampl es. The plots are presented in Figure 3. The sample 
after water sorption experiments exhibited a different XRD pattern (b) from that of as synthesized sample (a). This 
revealed that the structure of the sample changed during water sorption. The CO2 sorption isotherm of the sample 
after water sorption was measured (not shown). The  CO2 sorption capacity was significantly reduced after water 
sorption, again indicating structural change. Li and Yang reported water sorption in Cu-BTC and found Cu -BTC 
was stable after water sorption [19]. This is not consistent with our results. However,  the stability reported by Li and 
Yang may possibly be attributed to relatively rapid adsorption/desorption cycles used  in their experiments.  Recently, 
the stability of MOF -5 and MOF -177 has been studied in the presence of water [ 20-23]. The results indicate that 
they are not stable upon water adsorption. We also measured surface area of Cu -BTC left in a sealed container for 2 
months without initial drying, and its surface area is significantly reduced. 
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Figure 3. The XRD pattern of the sample after water  sorption experiments under 100% humidity ( b) at 25 °C are compared with that of the as -
synthesized samples (a). The intensity in b was enlarged by multiplying original data by 10, and then shifted 10000.  
0
4
8
12
0 4 8 12 16
Pressure (bar)
A
ds
or
pt
io
n 
ca
pa
ci
ty
 (m
ol
/k
g) Cu-BTC, CO2 
Zeolite 13X, CO 2 
Cu-BTC, N 2 
Cu-BTC, CH4 
Zeolite 13X, N2 
Zeolite 13X, CH 4 
 
 
Figure 4. Comparison of CO 2, N2 and CH 4 adsorption isotherms of the Cu -BTC with that of benchmark zeolite 13X  at 25 °C 
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A comparison of the adsorption properties of the Cu -BTC and benchmark zeolite 13X is shown in Figure 4.  The 
data of zeolite 13X in Figure 4 were taken from the literature [3]. They hav e dramatically different CO2 adsorption 
isotherm shapes because of their different structure properties, which suggests that the pressure range for which Cu -
BTC is suitable is not the same as that of zeolite 13X. For zeolite 13X the adsorption of CO2 reach ed saturation in 
the low pressure range. The CO2 adsorption capacities linearly increased with pressure in the pressure range of 0 to 
~5 bar for Cu -BTC, but only in the relatively low pressure range of 0 to ~1 bar for zeolite 13X. This can be 
explained by the strong guest -host interaction in zeolite 13X. The CO2 adsorption capacit y of the Cu-BTC (12.7 
mol/kg) is much higher that of zeolite 13X reported (6.9 mol/kg) at 25 ºC and 15 bar. The working capacity in a 
PSA case was calculated by the differenc e of CO2 adsorption capacity between 1 and 15 bar at 25 °C. The working 
capacity of Cu -BTC in a PSA system is 8.1 mol/kg comparing with 2.2 mol/kg f or the benchmark material zeolite 
13X.  
 
The heats of CO2 adsorption in the Cu-BTC are also compared with that in zeolite 13X. The heat of CO 2  
adsorption for Cu -BTC determined by differential thermal analysis (DTA) was 30 kJ mol -1, indicating the adsorption 
is a physisorption phenomenon. The value is comparable to th at reported [ 6], but much lower than the heat of 
adso rption reported for CO2 with zeolite 13X (49 kJ mol
-1) [2 4]. The lower values are probably beneficial from the 
perspective of a reduced energy requirement for adsorbent regeneration.  
 
The CO2/N2 and CO 2/CH4 selectivities of Cu -BTC w ere calculated from gas sorption isotherms by dividing CO2  
adsorption capacity by N2 or CH 4 adsorption capacity [2 5]. The Cu-BTC selectivity towards CO2 at 25 °C decreases  
slowly as pressure is increased. At low pressure the Cu -BTC shows lower selectivity towards CO2 at 25 °C than 
zeolite 13X because of the relatively low heat of CO 2 adsorption, but its selectivity towards CO 2 decre ases more 
slowly than that of zeolite 13X with increasing pressure. Therefore Cu-BTC shows promise for separating CO2 from 
CO2/N2 or CO 2/CH4 gas mixtures by pressure swing adsorption at higher pressure.  
 
4. Conclusion  
Cu-BTC was prepared and characterized. Its potential application in a pressure swing adsorption (PSA) system to 
capture CO2 was evaluated by a series of sorption isotherms of CO2, CH 4 and N 2 measured at 0 to 15 bar at 
temperatures of  25 and 105 °C. The results show that t he working capacity of Cu -BTC in a PSA system at 25 °C is 
almost four times  that of the benchmark material zeolite 13X and it also showed higher CO2/N2 and CO2/CH4 
selectivit ies at higher pressure range (larger than 1.5 bar) and lower energy requirement for regeneration than zeolite 
13X. Cu-BTC was also stable in O2 at 25 °C. CO2 adsorption capacity of Cu -BTC declined significantly after water 
sorption. 
References:  
1 A. Kohl and R. Nielsen, Gas Purification, fifth ed., Gulf Publishing Co., Houston, TX, 1997. 
2 R.S. Franchi, P.J.E. Harlick and A. Sayari, Ind. Eng. Chem. Res. 44 (2005) 8007. 
3 S. Cavenati, C.A. Grande and A.E. Rodrigues, J.  Chem. Eng.Data 49 (2004) 1095.  
4 M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wachter, M. O’Keeffe and O.M. Yaghi1, Science, 295 
(2002) 469.  
5 J.R. Karra and K.S. Walton, Langmuir 24  (2008) 8620. 
6 Q. Wang, D. Shen, M. Buelow, M. Lau, S. Deng, F.R. Fitch, N.O. Lemcoff and J. Semanscin, Micro. 
Meso. Mater. 55 (2002) 217. 
7 A.R. Millward and O.M. Yaghi, J. Am. Chem. Soc. 127 (2005) 17998. 
8 S. Bourrelly, P.L. Llewellyn, C. Serre, F. Millange, T. Loisean and G. Ferey, J. Am. Chem. Soc. 127 
(2005) 13519,  
9 S.S.-Y. Chui, S.M. -F. Lo, J.P.H. Charmant, A.G. Orpen and I.D. Williams, Science 19 (1999) 1148.  
10 Q.Y. Yang and C.L. Zhong, J. Phys Chem B. 110 (2006) 17776.  
11 B Wells, Z. Liang, M. Marshall  and A.Chaffee, WATOC 2008 , Sydney, September 14-19 2008.  
1270 Z. Liang et al. / Energy Procedia 1 (2009) 1265–1271
 Author n ame / Energy  Procedia 00 ( 2008) 000 –000   
12 S.R. Caskey, A.G. Wong -Foy and A.J. Matzger, J. Am. Chem. Soc. 130 (2008) 10870, 
13 K. Schlichte, T. Kratzke and S. Kaskel, Micro. Meso. Mater. 73 (2004) 81. 
14 V. Krungleviciute, K. Lask, L. Heroux, A.D. Migone, J. -Y. Lee, J. Li and A. Skoulidas, Langmuir 23  
(2007) 3106. 
15 J.L.C. Rowsell, O.M. Yaghi, Angew. Chem., Int. Ed. 44 (2005) 4670.  
16 J.L.C. Rowsell, O.M. Yaghi, J. Am. Chem. Soc. 128 (2005) 1304.  
17 P.D. Jadhav, R.V. Chatti, R.B. Biniwale, N.K. Labhsetwar, S. Devotta, and S.S. Rayalu, Energy 
Fuels. 21 (2007) 3555  
18 H. Frost, T. Du1ren and R.Q. Snurr, J. Phys Chem B. 110 (2006) 9565. 
19 Y. L i and R.T. Yang, AIChE Journal 54 (2008) 269. 
20 J.A. Greathouse and M.D. Allendorf, J. Am. Chem. Soc. 128 (2006) 10678. 
21 B. Panella, M. Hirscher. Adv Mater. 17 (2005) 538. 
22 L.M. Huang, H.T. Wang, J.X. Chen, Z.B. Wang, J.Y. Sun, D.Y. Zhao, Y.S. Yan. Micro. Meso. Mater. 
58 (2003) 105.  
23 Y. Li and R.T. Yang, Langmuir 23 (2007) 12937.  
24 J. A. Dunne, M. Rao, S. Sircar, R.J. Gorte and A.L. Myers, Langmuir 12 (1996) 5896.  
25 S. Cavenati, C.A. Grande and A.E.J. Rodrigues,  Ind. Eng. Chem. Res. 4 7 (2008) 6333. 
 
 
 
 
 
Z. Liang et al. / Energy Procedia 1 (2009) 1265–1271 1271
